Introduction: Emergency department (ED) discharge is appropriate for patients with minor traumatic injuries. The objective of this study is to determine if use of a trauma checklist increases identification of patients with minor trauma who are safe for discharge. Methods: Data were collected on trauma patients evaluated between 1 April 2015 and 31 January 2016 in two groups before and after introduction of a trauma checklist. The two groups were compared using age, mechanism of injury, and Injury Severity Score (ISS) using unpaired Student t-tests and Fisher's exact test. Results: A total of 841 trauma patients were included; 197 prior to the introduction of the checklist and 644 afterwards. Following the implementation of the trauma checklist, significantly more patients were discharged from the ED (18.2% vs. 7.6%, p ¼ 0.0004). Discharged patients in the pre-and post-checklist groups had similar ISS (1.93 AE 1.49 vs. 1.87 AE 1.90, p ¼ 0.90) and were of similar age (35.27 AE 11.06 vs. 41.99 years AE 18.20, p ¼ 0.17). There was no increase in 'bouncebacks' to the ED in the post checklist group despite a significantly higher rate of discharge. Conclusion: Use of a trauma checklist allows for better identification of those trauma patients who are safe to discharge from the ED and widespread use may decrease healthcare costs.
Introduction
Many trauma patients evaluated in the emergency department (ED) have injuries that do not warrant hospital admission. Few studies have addressed the approach to ED discharge for patients with minor injuries; one study established ED discharges to be 38.1% of 11,669 trauma patients seen at an urban level I trauma center over a five-year period. 1 Two other studies of ED discharge in the trauma setting established that patients with injuries ranging from soft tissue lacerations to a variety of fractures may be safely discharged home to avoid the morbidity and costs of hospital admission. 2, 3 Hospital costs for trauma care are often high. In a study of 126,103 trauma admissions with minor or moderate injury, the average cost of hospitalization was $13,465 and 33.1% higher if the patient was admitted to a designated trauma center 4 ; furthermore, in 101 elderly patients admitted with fall-related presentations, the average cost of hospital admission was $29,363, whereas those discharged from the ED had an average cost of $674 for their care. 5 Discharge from the ED, when appropriate, may be viewed as a cost-saving measure.
Inappropriate discharge from the ED, however, may be associated with 'bounce-back' admissions, a surrogate for suboptimal initial care, 6 and this concept has not been studied in the trauma population. Readmission following initial inpatient management of trauma has been studied. At a Level I trauma center, 13.3% of 886 inpatient trauma patients were reevaluated in the ED within 30 days of discharge with 13.2% of that group readmitted to the inpatient setting. Those at risk for re-presentation were characterized by low socioeconomic status and lack of private health insurance 7 -30 day readmission for trauma patients is associated with higher Injury Severity Score (ISS), longer initial length of stay and the presence of significant comorbid illnesses. 8 Similar to assessments of hospitalizations improving inpatient trauma care, 'bounceback' ED admissions is an outcome measure which shows promise in evaluating ED discharge as a safe disposition for trauma patients.
ED discharge balances safety with healthcare expense and the hazards of hospitalization. With trauma center designation at the study hospital, it became evident that patients with minimal injuries were often admitted for inpatient management. In the authors' interviews with ED physicians, the rationale for admission was often associated with fear of the 'bounce-back' phenomenon as well as an initial tendency towards conservative management. Since ED discharge has been established as a safe and cost-effective disposition for selected trauma patients, this study was structured to analyze a specific intervention with the potential to facilitate ED discharge. The 'trauma checklist' was formulated to structure the evaluation and documentation of patient injuries with the calculation of the ISS as a component of the decision-making process. The checklist was initially introduced to standardize and improve trauma throughput and determine disposition based on injury severity.
Methods
A retrospective review of all trauma patients seen in ED between 1 April 2015 and 31 January 2016 was conducted. Patients were included as study subjects if a traumatic mechanism of injury was the primary reason for the ED visit. Evaluation by the Trauma Surgery team was necessary for inclusion in the study as consultation was a requirement for all identified trauma patients. Pediatric patients (defined as less than 15 years of age by the designated trauma center standards) were excluded. The institutional trauma center registry was used for retrospective data analysis for the period from 1 April to 1 July 2015. Upon checklist implementation, data were collected in a prospective fashion for the period from 1 July to 31 January 2016. The study was reviewed and accepted by the Institutional Review Board.
The hospital is a 651-bed facility that receives over 100,000 ED visits per year, serving an urban population of 2.6 million people within a metropolitan area of more than 20 million residents. A state-designated American College of Surgeons provisionally verified Level 2 trauma center was instituted within it on 1 April 2015. In the initial three months, disposition was determined in collaboration between the Trauma Surgery and ED teams. Level 1 or level 2 trauma activation was based on criteria derived from the American College of Surgeons' trauma triage guidelines and required the presence of the entire trauma team upon arrival of the patient. Trauma Surgery consultation was sought in cases which did not meet the criteria for level 1 or level 2 activation.
On 1 July 2015, the use of the trauma checklist was mandated in order to structure the decision making regarding disposition for trauma patients. The checklist included information such as relevant history, selected laboratory values, imaging studies and results, documentation of injuries, and the ISS which had to be calculated prior to determining disposition ( Figure 1 ). The trauma checklist was used to reduce individual provider variability in disposition practices for trauma patients in order to discharge uninjured patients and appropriately admit injured patients to higher levels of care such as the Surgical Stepdown Unit and the Surgical Intensive Care Unit (SICU). The same six consulting surgical residents and eight Trauma Surgery attending physicians were involved throughout the study period with no changes in the resident or attending physician complement. They filled out the checklist during the primary, secondary, and radiologic surveys of each patient and discussed each patient's injuries with the in-house Trauma Surgery attending physician prior to deciding on disposition. The checklist was applied to all trauma patients and was therefore used for Level 1 and Level 2 activations as well as trauma consults. Included patients were divided into two cohorts -those evaluated from 1 April to 30 June and those evaluated after the use of the trauma checklist was mandated from 1 July to 31 January. The two groups were compared using age, mechanism of injury, and ISS using unpaired Student t tests and Fisher's exact test. The patients were also divided by month and compared using the Analysis Of Variance.
Results
On average, 66 patients per month were evaluated in the ED from April through June with an increase to an average of 89 from July to January, meaning there were 197 patients in the pre-checklist group and 644 postintervention. The ISS was similar across the study period ( Table 1 ). The percentage of trauma activations significantly differed by month with a substantial increase in June and decrease in January. The percentage of penetrating trauma was similar across the study period. The average age differed month by month with a general uptrend across the 10 months ( Table 2) . The percentage of patients not admitted to the inpatient setting, i.e. discharged from ED was also significantly different across the study period with more discharges post-checklist (18.2% vs. 7.6%, p ¼ 0.0004). The percentage of patients admitted to higher levels of care also significantly decreased post-checklist (Table 3) .
Discharged patients in the post-checklist group had similar ISS (1.93 AE 1.49 vs. 1.87 AE 1.90, p ¼ 0.90) compared to the pre-checklist group. Additionally, patients in both groups were of similar age (35.27 AE 11.06 vs.
41.99 years AE 18.20, p ¼ 0.17). Significant differences were also noted in the percentages of discharges from month to month. In the pre-checklist group, minor penetrating injuries were the most common diagnoses among discharged patients; in contrast, patients' postchecklist had a broader range of injuries including facial and lumbar fractures although overall ISS was similar between both groups (Table 4 ). There were no subsequent 'bounce back' ED evaluations or inpatient readmissions in either group. Admitted patients had similar injuries in both groups ( Figure 1 . The trauma checklist -each column is used for one patient. MRN: medical registration number; LOC: loss of consciousness; BP: blood pressure; HR: heart rate; GCS: (E/V/M) Glasgow coma score (eyes/voice/motor); CXR: chest X-ray; Hgb: hemoglobin; UA/Utox: urinalysis/urinary toxicology; EtOH: ethanol; FAST: focussed assessment sonography in trauma; CT: computed tomography; ISS: Injury Severity Score. 
Discussion
The initial goal of the trauma checklist was to formulate the systematic evaluation of patient injuries and facilitate discharge for those patients who could be safely discharged from the ED. During the first three months, the ISS was used on an informal and individual basis. With the intervention and institution of the trauma checklist, there was standardized documentation of the level of injury prior to the determination of disposition. This may have served to alert and focus the attention of trauma physicians on the potential for safe disposition home in patients with less severe injuries. In the 10-month study period, the absolute number of ED discharges significantly increased with a substantial increase in the percentage of patients discharged after the introduction of the checklist. Meanwhile, the ISS of the discharged patients remained similar across this time interval. The increase in ED discharges cannot be attributed solely to the learning curve, which would mandate a steady rise in discharges each month. In contrast, a meaningful rise was seen in July when the use of the checklist was mandated. Additionally, the effect remains seen through January rather than tapering off as one would expect with the Hawthorne effect. However, other demographic factors may also have influenced ED discharge. Although the ISS was similar in the pre-and post-checklist groups, a higher percentage of patients were discharged with penetrating injury to an extremity in the pre-checklist group. Patients in the post-checklist group were more likely to have no injuries, although this was not statistically significant. Those with fewer or no injuries may be more likely to be seen as appropriate candidates for ED discharge by both physicians and patients themselves.
Additionally, the average age of the study subjects significantly increased across the study period but remained generally consistent across the pre-and postchecklist groups of patients. This would most likely decrease the observed compared to actual intervention effect as older patients may be perceived as less safe to discharge home. The percentage of trauma activations also varied by month with a rise in June and decrease in January. Although one might expect that Level 1 and Level 2 activations would be less likely to be discharged from the ED given the excitement of trauma activations, there was no associated change in ED discharges based on the percentage of trauma activations per month. The percentage of penetrating trauma remained consistent and also did not appear to have a correlation with the percentage of patients discharged from the ED.
There are several limitations to the conclusions of this study. First, over-triage, or higher than warranted level of pre-hospital injury assessment, has been associated with increased ED discharges.
2 A higher proportion of the patients seen in the later months of the study had minor injuries, a trend noted by another investigator. 1 Although the checklist intervention appears to be strongly associated with the increased percentage of ED discharges, a higher number of patients with inconsequential injuries may have contributed as well. In the current study, there was a downtrend in the overall ISS throughout the study period.
Second, to date no studies have assessed the longterm follow up and healthcare costs of trauma patients with minor injuries discharged from the ED. One study found that 18% of patients discharged after initial trauma evaluation felt that their injuries were missed or not adequately cared for in the ED. The majority of patients suffered limitations in their daily activities and required further medical attention as outpatients. The study suggested that more comprehensive discharge and follow-up is required, 3 the costs of which have not been studied. Patients with facial fractures, for example, were more likely to be discharged in the post-checklist group; however, the costs of outpatient visits and imaging are not known. Furthermore, the potential increase in the cost of repair of an older misaligned fracture due to delayed follow up is also unknown. Further studies are needed to evaluate the implementation and costs of appropriate follow-up for these patients. Additionally, while there were no re-presentations to the study hospital ED, presentations at other hospitals were not captured. Patients unhappy with their trauma evaluation may have sought care elsewhere which may have led to inpatient admission even if they were not 'bounce back' admissions for the same hospital.
Third, other factors that were considered when determining if a patient was suitable for ED discharge were not documented on the trauma checklist. Pain control, the ability to conduct activities of daily life safely, and the level of family support at home were all taken into account particularly in the elderly population. While social workers in the ED at the study hospital addressed some of these needs, most elderly patients did require admission for management of their psychosocial issues as demonstrated by the young average age of patients discharged from the ED. Notably, one factor which was not considered was the availability of hospital beds. Patients were evaluated based on the trauma checklist and their individual psychosocial issues, but the availability of hospital beds did not influence the disposition.
Conclusions
The percentage of ED discharges increased after implementation of the trauma checklist. ED discharge for a subset of patients appears to be safe. Given the costs of inpatient admission for traumatic injuries, this approach can be expected to deliver more costeffective care. Although there are confounding factors, the use of a standardized approach to the initial evaluation of the trauma patient appears to improve the identification of those individuals for whom ED discharge is safe and an objective standardized assessment may increase provider comfort in opting for discharge. If findings from our pragmatic implementation study are replicated, the policy of instituting a checklist may lead to increased availability of inpatient resources for patients whose injuries warrant admission and avoid the hazards of hospitalization for those whose injuries do not. Further studies are needed to assess long-term follow-up and outpatient costs for trauma patients who are discharged from the ED.
